Dermatitis Herpetiformis: Preparation of Papillary Dermis and the Effect of Proteolytic Enzymes on the IgA Deposits  by Egelrud, Torbjörn & Bäck, Ove
0022-202X/84/ 8205-0501$02.00/ 0 
'f'H E J OU R NA L O F I NVESTIGATIV E D ERMATOLOC:Y, 82:501 -.~05, 1984 
Copyri ght © ! 984 by The Williams & Wilkins Co. 
Vol. 82, No.5 
Printed ,:, U.S.A. 
Dermatitis Herpetiformis: Preparation of Papillary Dermis and the 
Effect of Proteolytic Enzymes on the lgA Deposits 
TORBJORN EGELRUD, M.D. AND OVE BACK, M.D. 
Department of Dermatology, University Hospital, Umea, Sweden 
A technique has been devised to isolate the thin pap-
illary part of the dermis from punch biopsies. Papillary 
dermis has been treated with various proteolytic en-
zymes in order to release or solubilize the granular lgA 
deposits from the papillary dermis of patients with der-
matitis herpetiformis. Incubation of the thin skin prep-
arations with pepsin caused a disappearance of the spe-
cific fluorescence with antibodies to human lgA. After 
peptic digestion small amounts of IgA could be detected 
in the supernatants. There was some evidence that this 
amount was larger for preparations from patients with 
dermatitis herpetiformis than from controls. Corre-
sponding procedures with trypsin, collagenase, or elas-
tase had no detectable effect on the lgA deposits. The 
experiments with elastase seemed to give support for 
previous reports on a~soch~ti~n betwee~ t~e granular 
IgA deposits and the microfibrils of elastic fibers. 
Deposits of immunoglobulin A (IgA) i~ papillary d~r.mis may 
play a significant role in the pathogenesis of dermatitiS herpe-
t iformis (DH) [1-5]. However, experimental evidence for such 
a role is sparse. Important information about these deposits 
h a s been obtained in immunohistochemical and ultra-immu-
nohistochemical studies (6- 8] . These studies have not answered 
t he crucial questions about whether the IgA is directed against 
a skin ant igen or whether it is deposi ted as a part of immune 
complexes. Investigat ion of these problems would ce~tainly be 
much easier if the lgA could be extracted from the skm, but so 
far this has not been possible. Moreover the small amounts of 
material available are an obstacle to immunochemical experi-
ments. 
In this paper we describe a method for enriching the IgA 
deposits in the papillary dermis and also report on the effects 
of various proteolyt ic enzymes on the IgA bound to the dermal 
structures . Of several enzymes tested, only pepsin caused a 
di s appearance of specific IgA fluorescence. In addition, pepsin 
released more immunoreactive IgA to the supernatants from 
preparat ions of DH skin than from control skin. 
MATERIALS AND METHODS 
Materials 
From Sigma Chemical Company, St. Louis, Missouri: elastase from 
porcine pa ncreas (2 x crystallized, 34 units/mg. 10 mg/mi) , tryps ~n 
(type III from bovine pancreas, 2 x crystallized and lyopluhzed) , pepsm 
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Abbreviations: 
BSA: bovine serum albumin 
DH: dermatit is herpetiformis 
ELISA: enzyme- linked immunosorbent assay 
FITC-algA: flu orescein isothiocyanate- labeled sheep antihuman 
IgA 
lF: immunofluorescence microscopy 
IgA: immunoglobulin A 
PBS: phosphate-buffered saline 
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(1:60,000 from porcine stomach mucosa, 2 x crystallized and lyophi -
lized ). 
From Calbiochem AG, Lucerne, Switze rland: protease- free collagen-
ase from Clostridiu m hist1:otytiw m (58.7 collagenase uni ts/mg, 0. 12 IU/ 
mg wit h casein as substrate; I mg/ml was dissolved in 0.05 M T ris-
HCI, 2 mM CaCl, and stored at -70"C unti l used). 
From Wellcome Research Laboratories, Beckenham, E ngland: fluo-
rescein isothiocyanate- labeled sheep ant ihuma n lgA (FITC-a igA). 
From Da kopatts, Copenhagen, Denmark: rabbit antihuman IgA (colos-
t rum a -chains, DAKO-t ite r 400), horseradish peroxidase-conjugated 
rabbit. ant ihuma n lgA (DAKO, t ite r ! 00) . From Miles Laboratories, 
Slough, England: bovine serum a lbumin, fraction V, (BSA) . 
All other chemicals used were reagent grade. 
Skin Biopsies 
Three- millimeter punch biopsies from clinically uninvolved skin of 
the upper gluteal region were taken from patients wit h DH, either to 
obtain diagnosis at t he onset of the disease or for follow-up examina-
t ions at later visits . All biopsies used in this work had a granular 
immunofluorescence pat tern in the papillary tips when stained with 
FITC-a igA. Punch biopsies from the same region of heal thy volunteers 
were used as negative cont rols. 
Separation of Dermis from Epidermis 
The Sca letta and MacCallum method [9] was adopted but with a 
slight ly modified buffer. Skin biopsies were placed in 2-5 ml buffe r 
conta ining E DTA 0.02 M, NaCI 0.14 M, sodium phosphate 0.008 M, pH 
7.3 (PBS-EDT A) and incubated at 37"C fo r 2 h. The dermis could then 
easily be separated from t he epidermis with fin e fo rceps under a 
dissection microscope. 
Preparation of Papillary Derm is 
Afte r incubation in PBS-EDT A for 2 h at 37"C (wit h the epidermis 
still in place) the biopsy was placed with t he epidermis down on a 
microscope slide. The biopsy was gently pressed against the slide wi th 
a cover glass t.o obtain close contact between the glass slide and the 
epidermis and a horizonta l epide rmis surface. The slide was then placed 
on dry ice. Just before t he biopsy was totally frozen t he covering glass 
was removed. The dermis was cut down in t hin slices wit h a scalpel. 
The t hin slice, conta ining epidermis and papillary dermis, was thawed 
and placed on a microscope slide with a few drops of PBS-EDT A. It 
was judged to be t hin enough if, a fte r t hawing, the de rmal side of the 
epidermis could be seen in some detail through the remaining papillary 
dermis when examined under a dissection microscope. If too thick, the 
prepa ration was refrozen and further cut down. Under the microscope 
the papilla ry dermis was then separated from the epidermis with fin e 
forceps. The papillary dermis so obtained was oriented, epidermal side 
up, on t he slide, dried, and processed for immunofluorescence micros-
copy, or it could be incubated with proteolytic enzymes as described 
below. 
lnw bation of Papillary Dermis with Proteoly tic Enzymes 
The fo llowing buffer solutions were used: For trypsin, phosphate-
buffered saline (PBS; sodium phosphate 0.01 MpH 7.2, NaCl 0. 145 M). 
For collagenase, Tris-HCI 0.05 M pH 7.4 , NaCl 0. 1 M, CaCI2 0.005 M. 
For elastase, Tris- HCl 0.05 MpH 8.5. For pepsin, glycin -HCI 0.1 MpH 
2.5. 
Four to six equal-s ized pieces of papillary dermis from each biopsy 
were prepared as described above. The pieces were t ransferred to 3-
well mul t itest microscope slides wit h t he wells fill ed wi th t he appro-
priate buffe rs, one piece in each well. After 30 min, to allow fo r 
equilibration, the bu ffers were removed by gentle suction and the wells 
refilled wit h enzyme solut ions: t rypsin 2 mg/ ml, collagenase 0.05 mg/ 
ml, elastase 0.02 mg/ml, or pepsin 0.1- 1 mg/ml. Buffers wit hout en-
zymes were added to the cont rol preparations. After incubation in a 
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moist. chamber at room temperatu re for 1.5 h the solutions were 
removed from the we lls and the slides were dried and prepared for 
immunofluorescence microscopy. Before drying the orientation of the 
tissue pieces was checked and adjusted under a dissection microscope. 
In some experiments the pieces were incubated for longer periods at 
37"C in sma ll test tubes before mounting. 
When , after incubation with pepsin, the supernatants were analyzed 
for lgA, the incubations were performed in 0.75 ml Eppendorf test~ 
tubes. To remove unspecilically adsorbed se rum proteins, preparations 
of papillary dermis were lirst. incubm.ed ove rnight at. 4"C in J. ml PBS. 
They were then incubated in 0.1 ml pepsin buffer at. room temperature 
for 10 min LO allow for equilibration (Exp I in Fig 5) or for 1 h to 
further remove unspeci!ically adsorbed proteins (Exp II and Ill in Fig 
5) . This buffer was replaced by 0. 1 ml of the same buffer containing 
0 .1 mg pepsin per mi. After incubation for 1.5 h at room temperature 
0.1 ml Tris- HCl (0.5 MpH 8.0) and 0.8 ml PBS contain ing BSA 10 mg 
per ml (PBS-1% BSA) were added and 0.1 - 0.2 ml of the supernatants 
analyzed for lgA (see below) . 
Enzyme-Un.hed l mmunosorbent Assay (EL ISA) of lgA 
Genera l instructions for ELISA supplied by Dakopatts, Copenhagen, 
were followed. Briefly, microLiter plates were coated with rabbit anti-
human lgA diluted 1:1000 in PBS. Jncubation with appropria tely 
diluted samples was followed by incubation with peroxidase-conjugated 
rabbit antihuman lgA di lu ted 1:1000 in PBS-0.5% BSA. Di lu tions of a 
human serum wit,h known concentration of lgA were used as standards. 
All procedures were ca rried out at room temperature. 
I mm.unofluorescence Microscopy ( l F) 
Four-micron cryostat sections of skin biopsies or papillary dermis 
prepared as described above were dried in air and fixed for 10 min in 
acetone. They were then processed as described by Seah et al 1101. 
FlTC-a lgA wa~ used in 10-fold dilution in PBS. A Zeiss standa rd 14 
HAL microscope was used equipped with a IV FL Epi -fluorescence 
condensor with a HBO 50-W super-pressure mercury lamp and with 
lilters and beam spli tter especially designed by Zeiss for FlTC-f1uores-
cence. Phot.ographs were taken with Kodak Tri-X film in an adapted 
Nikon ca mera. 
RESULTS 
T he papillary tips with t heir deposits of material stainable 
with FITC-algA were well preserved after the dermis had been 
separated from t he epidermis (Fig lA,B). Fig 1C and 2 show 
t he !luorescence pattern when papi llary dermis from DH pa-
tients was prepared as described above and stained with FITC-
algA. In each preparation a number of pap illae with specific 
!luorescence can be seen. (A negative control is shown in Fig 
4C.) 
When pieces of papillary dermis from DH skin were incu-
bated with t rypsin (Fig 2), collagenase, or elastase no decrease 
in specific IgA f1uorescence could be observed. There was a 
marked decrease in unspecific background staining with a ll 3 
enzymes. These experiments were repeated with biopsies from 
3 different DH patients with similar results. 
When the microscope was focused on deeper parts of the 
preparations a horizontal network of iibers with unspecific 
!luorescence, a lso found in controls, could be seen. The appear-
ance of t hese ftbers was not changed after incubation with 
trypsin (1.5 at 22oC) or coll agenase (1.5 h at 22"C or 15 h at 
37"C). With elastase, however, t hey seemed to disappear com-
pletely after 1.5 h at 22°C. 
In DH skin a few of these elastase-sensitive fibers appeared 
to have a granular material that was spec ifically stained with 
FlTC-algA on its surface (Fig 3A,B). After incubation with 
elastase, granules with specific !luorescence and an arrange-
ment highly suggestive of a localization to invisible fibri llar 
structures were found on levels of t he preparation usually 
containing a visible fibrous network (Fig 3C) . 
The effect of pepsin differed markedly from the effects of the 
other proteolytic enzymes tested in this work. When papillary 
dermis from DH patients had been incubated with pepsin at 
pH 2.5 for 1.5 h at 22"C there was a total disappearance of 
speci!ic !luorescence after staining with FITC-algA (Fig. 4B). 
For comparison, papillary dermis from a control person, treated 
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with PBS on ly and stained with FITC-algA, is shown in Fio-
4C. After incubation in acidic buffer (0 .1 M glycine-HCI pH 
2.5) with no pepsin for the same time and at t he same temper-
ature there was no observable decrease in specific flu orescence 
(Fig4A). 
Since t he disappearance of spec ific fluorescence might have 
been caused by effects of small amounts of pepsin adsorbed to 
the papillary dermis on the FITC-algA the following control 
experiments were carried out: 
1. The incubat ion of papillary dermis from DH patients with 
pepsin was interrupted after 30 s. No decrease in specific 
fluorescence was found. 
2. Pieces of papillary dermis from DH patients were ex-
tracted with 0.1 M glycine-HCI pH 2.5 (no pepsin) for 1 h and 
stained with FlTC-algA diluted as described in Materials and 
M ethods. When the dilutant was PBS containing 0.1 mg pepsin 
per ml (this amount of pepsin should be la rge as compared to 
any amount of pepsin rema ining in the pieces of papillary 
dermis), the fluorescence pattern was identical to the pattern 
obtained when (as in all other experiments) pure PBS was 
used. 
These control experiments show t hat t he disappearance of 
specific f1uorescence cannot be explained by the effects of 
pepsin on the FITC-labeled antiserum, but must be due to t he 
effects of the enzyme on the stainable material in papillary 
dermis. 
Up to now t hese or similar experiments with pepsin have 
been repeated with biopsies from more than 20 patients with 
DH and granular IgA deposits in t he papillary dermis, all with 
resul ts simi la r to t hose presented in Fig 4. 
Efforts were made to detect lgA in the supernatants after 
incubation of papillary dermis with pepsin. Fig 5 summarizes 3 
such experiments where lgA was measured in the supernatants 
with ELISA. In each experiment biopsies from 3 different DH 
patients and 3 controls were included. Biopsies from 1 DH 
patient were included in Exp I and Ill. Biopsies from a total of 
17 persons (8 DH patients and 9 controls) were used. 
Since it was known from previous experience that all dermal 
material contained signi!icant amounts of unspec ifically ad-
sorbed se rum proteins, including JgA, we tried to minimize this 
contamination by extraction with PBS overnight at 4 oc before 
pepsin was added. For the same reason an additional extraction 
with 0.1 M glyc ine-HCI pH 2.5 without pepsin was performed 
at 22"C for 1 h in Exp II and III . 
Biopsies from 1 patient contained very extensive lgA deposits 
in sections examined wit h the IF method used routinely. Pap-
illary dermis from these biopsies was included in Exp I and III 
and in both cases the supernatants after pepsin digestion 
contained highly significant amounts of immunologically de-
tectable lgA (results indicated by arrows in Fig 5). For other 
biopsies with moderate lgA deposits, the detectable amounts of 
released lgA were small. Except in 1 case (i.e., Exp I in Fig 5, 
where there was no acidic extraction before the addition of 
pepsin) , however, all the controls (i.e., papi lla ry dermis from 
biopsies with no specific fluorescence with FITC-algA) in each 
sepa rate experiment were found to produce lower values for 
re leased lgA t han did papi lla ry dermis from DH skin. The 
va lues for the amounts of lgA released from each biopsy shown 
in Fig 5 are probably underestimated since pepsin may be 
expected to give further degradation of released lgA in the 
supernatants. In• a control experiment lgA was measured in 
human se rum diluted 1000-fold in 0.1 M glycin-HCI pH 2.5 and 
treated for 1 h at room temperature with pepsin 0.1 mg/ml. 
This digested se rum sti ll contained significant amounts of lgA 
measured with ELISA as described above, but t he apparent 
IgA concentration had decreased to 2-12% of control values. 
DISCUSSION 
The fraction of dermis containing lgA deposits in DH is very 
small. Moreover, in this part of t he dermis, i.e., the papillary 
tips and the dermal parts of the dermal -epidermal zone, only a 
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F't G 1. Fluorescence microscopy. Stain: FITC- Iabe led a nt ihuma n 
lgA. Bar = 25 pnl. A, DH. Freeze-cut biopsy fro m clin ica lly normal 
skin. Specific flu orescence is seen in the papilla ry tips and in the basal 
membrane zone. B, DH. Before sectioning t he biopsy was incubated in 
PBS-EDTA a nd the epidermis removed. Specific fluorescence is st ill 
see n in the papilla ry t ips a nd in the basa l membra ne zone. C, DH. 
Clinically normal skin . P apillary dermis prepa red as described in t he 
text a nd incubated in PBS 1.5 h at 22"C before sta ining. Severa l 
pap illae with speci!ic fluorescence a re seen. 
F'tG 2. Fluorescence microscopy. Sta in: FITC-Iabeled a nt ihuman 
lgA. Bar = 25 11m. Papilla ry dermis from clinica lly normal DH sk in . 
Before sta ining t he preparation was incubated 1.5 h at 22"C in buffer 
conta ining tryps in (see text for detai ls). T he pap illae contain specifi-
cally flu orescing mate rial. 
F IG 3. Fluorescence microscopy. S tai n: FITC-labeled antihuman 
lgA. Bar = 25 1.m. Papi lla ry de rmis from clinica lly norma l DH skin 
(the same biopsy was used for a ll 3 experiments). For each micrograph 
the focus was on t he deepe r pa rts of t he preparations. Before st,a ining 
t he prepa ra tions were incubated for 1.5 h at 22"C with t rypsin (A), 
co llagenase (B), a nd elastase (C) . G ra nula r materia l with br ight flu o-
rescence is seen in all 3 figu res. In (A) a nd (B) this material appea rs 
to be assoc iated with fibe rs which a re not seen in F'ig (C). 
F' tG 4. F luorescence microscopy. Stain: FITC-labeled antihuman 
lgA. Bar = 25 11 m. A a nd 8, Papillary dermis fro m cl inica lly normal 
DH skin (same b iopsy used in both experimen ts). Before stain ing t he 
prepa ration was incubated 1.5 h at 22"C with 0.1 M glycine- HCI pH 
2.5 (A) o r 0.1 M glyc ine- HCI p H 2.5 conta inin g pep in 1 mg/ ml 8, 
Specific iluorescence is seen only in (A). C, Papillary dermis from 
norma l control. Before sta ining t he preparation was incubated 1 h a t. 
22"C in PBS. No spec ific fluorescence is seen. 
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F IG 5. lgA , measured with E LI SA, in t he supernatants a fte r incu-
bation or pap illa ry de rmis with pepsin 0.1 mg/ml fo r 1.5 h at 22"C. 
Each circle rep re~en ts t he mea n va lue of 3- 4 measurements on one 
supe rnata nt, a ll papi lla ry de rmis from one biopsy was used in eac h 
incuba tion. ln a ll 3 experi ments each prepa ra t ion of papilla ry dermis 
wa~ extracted with l ml PBS L6 h at 4 "C before incubation with pepsin . 
In Exp If and /// an addi t ional extraction for 1 h at 22"C with 0.1 ml 
0.1 M glyc ine-HCI pH 2.5 was performed before Lhe pepsin was added. 
Open. circle., = normal controls, closed circles = clinica lly normal skin 
,from DH patients. Arrows indicate resu lts fo r biopsies taken from the 
same DH patient (see Resu.lt.s). 
minor volume fract ion is occupied by structures co ntaining IgA. 
F ina lly, t hese structures are probably composed of many dif-
fe rent substances [8] so t hat their relative concent ration oflgA 
may be qui te low. Conseque nt ly, the amoun ts of specifically 
deposited l gA per biopsy in DH can be expected to be small 
compared to t he amounts of unspeci!ically adsorbed serum 
proteins, including immunoglobulins, in each biopsy. There-
fo re, if one wishes to examine t he chemical and immunochem-
ical nature of DH -specific lgA and t he st ructure to which it 
binds, t here must be some form of enrichment . 
A considerable enri chment of DH-speci f1c lgA was obta ined 
in this work by prepa ring a thin slice of papi lla ry de rmis with 
its papillae preserved but wi th t he epidermis removed. The 
preparation was t hin enough to permit examinations by IF but 
still it had enough mechanical stability to a llow for a series of 
different manipulations (ext ractions in diffe rent buffers, incu-
bations wi t h proteolytic enzymes) before microscopy. In a 
preparation wi th about th e same surface area as an ordinary 
freeze-cut vert ical section used in rout ine IF all papilla ry dermis 
of a biopsy could be studied. 
The resul ts from our experiments wi t h proteolytic enzymes 
a re, at least pa rt ially, in accord wi t h previously reported resul ts 
from ult rastructural and ult ra- immunohistochemical studies. 
In DH , lgA deposits have been found closely associated with 
the microfibril s of elastic fibers [7,8]. Elastase di gests t he 
amorphous core o f elastic fibers but leaves the microfibrillar 
components intact [11,12]. Collagenase is without effect on 
eit her t he amorphous or the microfibrillar parts of elastic fibers 
[12]. When elastic fibers were prepa red by ext ractions wi th 
protein denaturin g solutions t heir micro!ibrils were sensi t ive 
to chymotrypsin and t rypsin [11]. The microfibrils a re also said 
to be sensitive to pepsin [13]. 
We found t hat the lgA deposits were not affected when 
papilla ry dermis of DH skin was incubated wi th trypsin or 
collagenase. With elastase a network of fibers disappeared (or 
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was made invisible). Some of these fibers a ppeared to h ave a 
granular materia l on t heir surfaces t hat was specifically stained 
with FITC-labeled ant ibodies to lgA. This lgA-co ntaining m a-
teria l was still prese n t after elastase digest ion when no fibe rs 
were v isible. The fluorescing granules retained an a rran gem en t 
t hat was highly suggestive of their close assoc iation t o fibrilla r 
s tructures. These results a re in agreement wi t h t he association 
previously found between lgA deposits in DH skin and t h e 
microfibril s of elastic fibers. Pepsin but not t rypsin caused a 
disappearance of t he lgA deposits. We do not kn ow whethe r 
t hi s was due to pept ic digestion of the lgA molecules or of 
structures to which t hey had been bound. Nor do we know 
whether t ryps in is ac tive against t he nondenatured microfibrils 
of elastic fibers. 
T o our knowledge no previous report on DH has provided 
evi dence for t he release and recovery of lgA specifically bound 
to DH skin . We believe t hat the data prese nted in this report 
(Figs 4, 5) can be interpreted as t he prov ision of such evidence. 
To prove this full y one has to examine furt her the componen ts 
of t he supernata nts a fte r pept ic digestion of papilla ry de rmis 
from DH skin and controls. 
We t hink it is important to realize t hat IgA is probably only 
one of several components of structures (or deposits) specific 
for DH skin ; perhaps it should be rega rded rather as an easily 
detected marker substance. It is probable t hat pept ic digestion 
at t he low pH used in t he prese nt study causes extens ive 
hydrolysis of the IgA molecules and a destruction of t heir 
ant igen-binding capacity. Moreover, any assumed an t igen to 
the deposited lgA may have been degraded in to fragments t hat 
a re so small t hat ident ification of t heir origin is no lon aer 
possible. l t should be remembered , however , that gluten retains 
its toxicity to t he intestinal mucosa of patien ts wit h ce liac 
disease a fter combined t reatment with pepsin (at very low pH) 
and trypsin [14]. 
An established way of preparing ant igen-binding fragments 
(FabJ from lgA as well as ot her immunoglobulins is, in fact, 
pept ic di gest ion , a lthough at considerably higher pH than was 
used by us [15]. At the prese nt time we a re therefore looking 
fo r milder condi t ions for pepsin t reatment of pap illa ry dermis 
t hat will hopefully give released lgA fragments wit h retained 
immunologic act ivi ty. 
In conclusion we beli eve t hat t he methods and resul ts pre-
sented in this paper may open t he fi eld for furt her immuno-
chemical and chemical studies on structures specific for papil-
la ry dermis in DH. 
We would like to t hank Miss Astrid Lundgren for skill ful technical 
ass istance and Mrs. Vivianne Enqvist for excellent secreta ria l assist · 
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